Introduction
============

Recently, an innovative endoscopic technique, peroral endoscopic myotomy (POEM), has been developed to treat achalasia and has demonstrated excellent clinical outcomes [@JR922-1] [@JR922-2] [@JR922-3] [@JR922-4] . In order to perform POEM safely, retained food and fluids must be cleared prior to the start of the POEM procedure. In advanced achalasia where the esophagus is severely dilated and angulated, there is often a large amount of retained food requiring significant time and effort for removal. If the retained food debris cannot be removed endoscopically, then the patient must undergo a prolonged fasting period to allow for esophageal clearance. Thus, a more efficient and effective method for esophageal clearance is necessary for these patients. We developed a novel technique using a super-slim gastroscope and a gastric tube to definitively clear food debris in achalasia patients. In this study, the safety and efficacy of this novel technique was investigated.

Patients and methods
====================

Patients
--------

This study was conducted at the endoscopy unit at Kobe University Hospital in Japan. Informed written consent was obtained from all patients prior to enrollment. The study was approved by the Ethics Committee of Kobe University Hospital (No. 160060). Procedural data were prospectively collected. Consecutive achalasia patients who underwent POEM from April to November 2016 were recruited for this study. Patients were eligible if during the endoscopic examination performed the day prior to POEM, a large amount of retained food debris was present that could not be suctioned via a standard endoscope (GIF-260 J, Olympus Medical Systems, Tokyo, Japan). Enrolled patients were admitted 2 days prior to POEM and consumed only fluids for 24 hours. The following day (1 day prior to POEM), the removal of food debris was performed under conscious sedation with intravenous midazolam (2.5 -- 5 mg). The degree of esophageal dilatation was classified as grade I (\< 3.5 cm), grade II (3.5 to 6 cm), or grade III (\> 6 cm) according to the diameter of the esophageal lumen on barium esophagram [@BR922-5] . The type of esophageal lumen was also classified as sigmoid or non-sigmoid based on the barium esophagram. Sigmoid-type achalasia was defined as a significantly dilated and tortuous esophagus on barium esophagram. Sigmoid-type achalasia was sub-classified into sigmoid type 1 (S1) or sigmoid type 2 (S2) based on CT findings; presence of a double lumen on axial CT slices was defined as S2 sigmoid, while if only a single lumen was present, that defined S1 sigmoid [@JR922-2] .

. Esophageal clearance technique
--------------------------------

First, the overtube (16675; Top Corporation, Tokyo, Japan) was placed using a standard gastroscope (GIF-Q260 J, Olympus Medical Systems, Tokyo, Japan). Second, a 26Fr gastric tube (226ES, Covidien Ltd, Dublin, Ireland) with a cut tip was taped to the super-slim 5.8 mm gastroscope (GIF-XP290N, Olympus Medical Systems, Tokyo, Japan) ( [Fig. 1](#FI922-1){ref-type="fig"} ). The gastric tube was positioned to allow direct endoscopic visualization of the distal end of the gastric tube. The tape was used to fasten the gastric tube to the super-slim gastroscope ensuring occlusion the side holes of the gastric tube to confirm that suction is only applied in the area endoscopically visible and to prevent mucosal damage from inadvertent non-targeted suctioning. The super-slim gastroscope with the attached gastric tube was then inserted into the esophagus through the overtube. When the endoscope reached the food debris, the gastric tube was connected to suction and the food debris suctioned under direct visualization ( [Fig. 2](#FI922-2){ref-type="fig"} ). The success rate of esophageal clearance, procedure time and adverse events were recorded. Procedure time was measured from the insertion of the standard gastroscope until food the debris was completely cleared [Video 1](#ME922-1){ref-type="media"} .

![26Fr gastric tube. **c** The gastric tube was cut away at the tip.  **d** The super-slim gastroscope and gastric tube were placed together with tape.](10-1055-s-0043-122229-i922ei1){#FI922-1}

![Before suction. **b** After suction.](10-1055-s-0043-122229-i922ei2){#FI922-2}

Results
=======

Patient characteristics
-----------------------

Fifty-six patients underwent POEM from April to November 2016. Of them, 11 patients with achalasia were enrolled in this study and underwent this novel method of esophageal clearance. Patient characteristics are shown in [Table 1](#TB922-1){ref-type="table"} . Median age of the patients (range) was 47 (27 -- 76) years, and the study population consisted of 6 male and 5 female patients. Median duration of achalasia symptoms (range) was 12 (0.2 -- 30) years. The median body mass index (range) was 21.3 (15.6 -- 32.7) kg/m ^2^ . The degree of esophageal dilatation was grade I in one patient (9.1 %) and grade II in 10 patients (90.1 %). The type of achalasia was non-sigmoid in 5 patients (45.5 %), S1 sigmoid in 2 patients (18.2 %) and S2 sigmoid in 4 patients (36.4 %). Moreover, manometry examinations could not be completed in 5 patients (45.6 %) due to the degree of resistance at the LES or to esophageal tortuosity.

###### Patient characteristics.

                                                  n = 11
  ----------------------------------------------- -----------------------
  Age, years, median \[range\]                    47 \[27 -- 76\]
  Sex                                             
  Men                                              6
  Women                                            5
  BMI, kg/m2 \[range\]                            21.3 \[15.6 -- 32.7\]
  Duration of symptoms, years, median \[range\]   12 \[0.2 -- 30\]
  Degree of dilatation                            
  Grade I                                          1
  GradeII                                         10
  Type of achalasia                               
  Non-sigmoid type                                 5
  Sigmoid type                                    
  Type 1                                           2
  Type 2                                           4
  Chicago classification, n                       
  Type I                                           6
  Unknown                                          5
  Eckardt score, median \[range\]                  4 \[2 -- 7\]
  IRP, mmHg, median \[range\]                     28.5 \[22.8 -- 57.3\]
  Primary procedure, n (%)                        
  Balloon dilatation                               4

BMI, body mass index

According to the Chicago classification v3.0, manometric findings were classified as type I in 6 patients and in 5 patients, manometry was not completed because of difficulty in inserting the catheter through the LES [@JR922-6] . The median integrated relaxation pressure (range) was 28.5 (22.8 -- 57.3) mmHg. The median Eckardt score (range) was 4 (2 -- 7). Four patients had undergone balloon dilation prior to inclusion in this study.

Procedure-related outcomes
--------------------------

[Table 2](#TB922-2){ref-type="table"} shows procedure-related outcomes. All patients had successful esophageal clearance using this novel method. Median procedure time (range) was 13 (6 -- 30) minutes. In terms of adverse events (AEs), mucosal erythema due to mucosal suctioning occurred in 1 patient. There were no severe AEs such as bleeding or perforation.

###### Procedure-related parameters.

  ---------------------------------------- --------------
  Median procedure time, minutes (range)   13 (6 -- 30)
  Adverse events, n (%)                    
  Mucosal redness                           1 (9.1)
  ---------------------------------------- --------------

Discussion
==========

Retained food debris must be cleared prior to POEM to minimize the risk of postoperative infection or aspiration during endotracheal intubation. Generally, in achalasia patients with a significantly dilated, tortuous and angulated esophagus, a large amount debris is often retained. To achieve effective esophageal clearance of food debris, a large caliber channel is necessary. The size of the working channel of an upper endoscope is 3.2 mm (GIF-Q260 J, Olympus Medical Systems, Tokyo, Japan) and that of even a colonoscope or therapeutic gastroscope endoscope is 3.7 mm (CF-HQ290 L/I or GIF-2401 T, respectively, Olympus Medical Systems, Tokyo, Japan). In contrast, the caliber of the gastric tube is 6.5 mm, which is much larger than that of any gastroscope or colonoscope. In addition, the 16 mm overtube also offers a degree of airway protection. Using this combination of equipment, endoscopic maneuverability is smooth within the esophagus and large amounts of food debris can be safely and easily cleared. If there are large solid pieces of food that are not amenable to suctioning even with the large caliber gastric tube, they can be cut with a snare prior to being suctioned or even extracted safety from the patient due to the overtube in place protecting the airway.

Median procedure time (range) was 13 (6 -- 30) minutes, which was relatively short indicating relatively smooth and efficient procedures. There are 2 key reasons for the efficiency and effectiveness of this technique. Firstly, suctioning food particles with the gastric tube took place under direct visualizing via super-slim gastroscope. Secondly, in many patients with large volumes of retained food, there was a spontaneous flow of material out through the overtube upon insertion due to the pressure gradient between the esophagus and the outside environment.

In terms of AEs, no major AEs occurred and only 1 minor case of mucosal erythema due to suctioning occurred. Serious AEs such as bleeding and perforation did not occur. However, vigorous non-targeted suctioning may pose a risk of bleeding and perforation. To prevent such events, the gastric tube must be connected to a vacuum aspirator only after the super-slim gastroscope reaches to and is targeted at the retained food material. In addition, intermittent disruption of the suction may be necessary to allow the operator to reorient themselves if visibility is lost.

Although this clearance procedure was performed one day before POEM in this study, it can also be performed immediately before POEM under general anesthesia. That strategy can make hospital stay shorter and may be a more efficient approach. conclusion, this novel method of esophageal clearance is safe and effective in patients with achalasia that have large amounts of retained food debris in the esophagus where conventional endoscopic clearance may be difficult or even impossible.
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